Utterances of two adults males were analyzed and synthesized by a fast Fourier Transforms method. Each of the two voices was synthesized in each of the twenty-seven combinations of three levels each of rate, mean FO, and variance of FO (a total of fifty-four "voices" generated from two). The effects of the rate, mean FO, and variance of FO manipulations, the interactive effects of rate and variance of FO, and the effects due to speaker were all statistically significant predictors of personality ratings given the voices. They accounted for 86%, 4%, 3%, 2%, and 1% of the variance, respectively, in competence ratings and 48%, 1%, 6%, 1%, and 8% of the variance, respectively, in benevolence ratings. Increased speaking rate was found to decrease the benevolence ratings, and decreased rate was found to decrease competence ratings. Decreased variance of FO was found to decrease the ratings on both competence and benevolence. Increased mean FO in these mhle voices was also found to decrease competence and benevolence ratings.
In these studies it was found that slowing the voices caused them to be rated less "competent" and speeding the voices caused them to be rated less "benevolent."
These rate manipulations had the same effect upon every voice to which they were applied. There was also a significant effect for increased variance of fundamental frequency (F•) to cause voices to be rated more benevolent and decreased variance of F• to cause them to be rated less benevolent.
However, this trend was not consistent over speakers.
In these earlier studies only one acoustic dimension at a time was manipulated. The purpose of the study reported in this paper is to examine the interactive effects of rate, mean F•, and variance of F• when all three are manipulated in varying combinations for a given speaker. Since in the earlier studies the effects of variance-of-F• manipulations were not consistent over various speakers (even though the overall effects were statistically significant), it would be ex- These 54 synthetic voices, each repeating the sentence three times, were recorded on a testing tape in random order, with the first two voices in the sequence repeated later in the tape (in order to control for and evaluate practice effects). The tape was played to a group of 37 male and female judges who rated the voices on the following 15 adjectives with their paired opposites: intelligent, ambitious, polite, active, confident, happy, just, likeable, kind, sincere, dependable, religious, good-looking, sociable, and strong.
II. SPEECH ANALYSIS-SYNTHESIS PROCEDURES
The voices were manipulated in rate, mean F0 level, and variance of FO by means of an automatic computerbased speech analysis-synthesis scheme. 6-7 In the analysis, new parameters were calculated each 10 msec. A spectrum was computed by means of a 512-point FFT operating on a speech segment windowed by a Hamming window of 40-msec duration. Fundamental frequency was measured with the cepstrum method. A smoothed spectrum was computed from the 26 low-order cepstral coefficients and peak-picked to determine five formant frequencies and amplitudes. Some smoothing was done on the fundamental frequency and formant frequency contours to eliminate gross discontinuties.
All of the analysis and smoothing operations were completely automatic.
The synthesis was accomplished with a five-pole parallel synthesizer which was simulated on a DEC PDP-15 computer. Eleven parameters (F•, five formant frequencies, and five formant amplitudes) were input to the synthesizer at 10-msec intervals and the input parameters were linearly interpolated as needed in the synthesizer.
The speech was output by means of a 12-bit digital-to analog converter and recorded on audio tape for testing.
III. RESULTS
The averages of judges' ratings of the 54 voices were factor analyzed by the principle axes method with a varimax rotation. The resulting factor pattern (Fig. 1) was almost identical with the ones from the earlier studies, and again Factors I and II were labeled "competence" and "benevolence;" with pseudo-eigenvalues (on rotated factors) of 7.086 and 6. 702, respectively. ings, it appears to sometimes increase competence and sometimes decrease it. In general, it increases competence when the competence rating of the normal rate voice is rather low and decreases competence when the competence rating of the normal rate voice is high.
It looks like a kind of "regression toward the mean" fects of nine rate manipulations on six voices were studies. The two voices of this study were rather high in competencebenevolence ratings, whereas the six voices of that study covered a wide range of competence-benevolence ratings. In that more representative situation, rate increases were found on the average to increase competence ratings as well as decrease benevolence ratings, and rate decreases were found to decrease both competence and benevolence ratings.
